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Abstract
Microbial biofilms were first described in 1936 and
subsequent research has unveiled their ubiquity and
physiological distinction from free-living (planktonic)
microorganisms. In light of their emerging significance
this review examines the bacterial biofilms within the
human gastrointestinal tract. 
Attention is paid to the
nature of these mucosally- associated populations,
focusing on the protected environment afforded by the
continual secretion of mucus by host epithelial cells.
It also examines the attributes possessed by various
bacterial species that facilitate habitation of this
microenvironment. 
Additionally
, contrasts are drawn
between planktonic bacteria of the lumen and sessile
(biofilm) bacteria growing in close association with
host cells and food particles. In particular the different
fermentation profiles exhibited by these two fractions
are discussed. The potential role of these communities
in host health and disease, as well as the stabilisation
of the lumenal population, is also considered.
Reference is made to the state of mutualism that exists
between these little understood populations and the
host epithelia, thus highlighting their ecological
significance in terms of gastrointestinal health.
Introduction
The first description of bacterial biofilms (Zobell and
Andersen, 1936) marked the start of an ever increasing
understanding of the significance of these microbial
communities. Current research continues to extend our
knowledge and understanding in a previously
underestimated field. 
The stereotypical idea of free-living
or planktonic bacteria suspended in a liquid growth medium
is typically a laboratory concept and, in reality
, this mode
of microbial life only represents a small proportion of how
bacteria actually exist in their ecosystems. Bacteria show
a propensity to grow in communities in association with a
surface in preference to individual planktonic growth.
In microbiological terms, a ÔbiofilmÕ describes matrix-
enclosed bacterial populations adherent to each other and/
or surfaces or interfaces. 
This includes microbial
aggregates and floccules (Costerton 
et al
., 1995). Biofilms
are ubiquitous and are found in a huge range of natural
environments. One such habitat in need of more extensive
research is the human gastrointestinal tract, where the
significance of mucosally-associated bacteria still needs
to be evaluated.
The Human Colonic Microbiota
A huge variety of bacterial species inhabit the human large
intestine, constituting an extremely complex ecosystem and
rendering it a site of intense metabolic activity
.
Approximately 150 cm long and containing in the region of
220g of contents (Cummings and Macfarlane, 1991), it has
been proposed that within the large intestine at least 400
Ð 500 dif
f
erent culturable species of bacteria reside
(Conway
, 1995), each fulfilling a specialised ecological
niche. In reality
, it is likely that many more species than
this exist, since the full gut flora diversity has not hitherto
been described.
The human colon is sterile at birth, with microbial
inoculation occurring during parturition (Macfarlane and
McBain, 1999). Generally
, the first colonisers are facultative
anaerobes
 
e.g. 
enterococci and enterobacteria, followed
by obligate anaerobes. Dif
ferences have been highlighted
between breast fed and formula fed infants with the former
giving rise to a flora largely dominated by bifidobacteria
whilst formula fed infants have a more complex, adult like
microbiota, with no one genus showing any overall
predominance (Conway
, 1995). Upon weaning, these
dif
f
erences disappear and a complex adult type flora
becomes established (Macfarlane 
et al
., 1999).
In terms of the planktonic, lumenal populations,
numerically dominant species in this complex adult
microbiota are non-spore forming anaerobes belonging to
the genera 
Bacteroides
, 
Eubacterium
 
and 
Bifidobacterium
.
To
 
a lesser extent, lactobacilli, a variety of anaerobic Gram-
positive cocci and clostridia are also present (Cummings
et al
., 1991). 
These bacteria, and many more, constitute a
microbial ecosystem in the magnitude of 10
13
 
cells, which
accounts for the vast majority of total cells associated with
the human body (Macfarlane 
et al
., 1999).
To
 
date, most information on the colonic microbiota
has been generated from studies of the planktonic bacteria
found in faeces. However
, it is the case that sessile bacteria
forming biofilms in the mucus layer of the gut are likely to
play a pivotal role in gut health and disease (Croucher 
et
al
., 1983).
The Mucosal Habitat
From the stomach to the colon the gastrointestinal tract is
covered with a layer of mucus which forms an interface
between the host and the gut lumen (Atuma 
et al
., 2001).
Indeed, this mucus, adherent to the surface of the epithelial
cells, forms a protective gel such that in the normal healthy
situation the host cells are never directly exposed to
lumenal contents (Pullan 
et al
., 1994). 
The mucus layer is
produced by goblet cells that reside in the intestinal
